ABSTRACT
INTRODUCTION
Physalis is a fruit belonging to Solanaceae family and commonly found in temperate, subtropical regions throughout the world. In Brazil, the state of Rio Grande do Sul is the main producer of Physalis, especially angulata and peruviana (Agra et al. 2009; Peixoto et al. 2010) . The sale of this fruit in local markets has attracted the interest of different scale producers, since a fast growing demand has been observed. This has happened due to some of its key nutritional features such as high levels of antioxidants and cancer fighting and also as food supplementation (Chaves et al. 2008) . Physalis peruviana is largely sold as fresh fruit, usually packed inboxes of roughly 450 g covered with thin transparent plastic film. This form of distribution may, however, reduce the fruit shelf life. There are not many studies on post-harvest storage of this fruit, which is critical in keeping the fruit quality and extending its shelf life.
Industrialization and processing can contribute to enlarge the diversity of the fruit distribution ways, in particular the production of fruit juices (Sancho et al. 2007 ). Fruit juices are consumed and appreciated as natural sources of carbohydrates, carotenoids, vitamins, minerals and other important components (Sandi et al. 2004; Pinheiro et al. 2006; Mosqueda-Melgar et al. 2011; Granato et al. 2011) . The color of the juice represents an important feature for marketing purposes. It is mainly influenced by the concentration, especially in citrus fruits, and color also represents an important attribute of quality classification (Marques et al. 2004 ) and acceptability of purchase (Pace et al. 2001; Meléndez-Martínez et al. 2005; Ulloa et al. 2007; Meléndez-Melgar et al. 2011) . In order to analyze and characterize the fruit-based product properties, industry commonly uses typical physicochemical analyses such as density, viscosity, specific heat, thermal conductivity, etc. Techniques such as spectrophotometry, colorimetry (Eagerman, 1978; Moura et al. 2005) , capillary electrophoresis with contactless conductivity detection (Petr et al. 2011) , gas chromatography-mass spectrometry (GC-MS) are also used. Besides the high cost, these techniques usually present long time delays, or require the use of several purification steps (Perez-Cachopilar, 2011; Nitra, 2011) . Sensory analysis is another methodology used to evaluate the juice dilution; however, it usually requires a large number of variables and a trained team, which is generally very time consuming and presents high costs (Granitto et al. 2007) . Image analysis represents an important characterization technique in food science and technology (Fernandes et al. 2013) , not only due to its precision / accuracy, but also because of its non-invasive feature. These characteristics, coupled to negligible time delay, provide a wide range of applications, as characterization occurs by the analysis of image graphical elements, named pixels (Lupetti et al. 2005; Blasco et al. 2009 ). Some important applications regarding the use of image analysis for fruit characterization include fruits and vegetables classification in/during the storage (Perera, 2010; Cubero et al. 2011 ). Fernandez-Vazquez et al. (2011 reported the correlation between the instrumental and sensory evaluation in orange juice. Martin et al. (2007) evaluated the color of different wines using a panel of eight observers, a tele-spectroradiometry and a digital camera. Their report indicated that the two analytical methods led to approximately the same results. Consequently, image analysis was reported to be a successful approach of obtaining digital measurement of the wine color by a non-invasive method. Thus, image analysis represents an important alternative tool for the study and characterization of both the concentrated and diluted fruit juices. Therefore, this work aimed to develop and validate an image-analysis-based technique coupled to typical physicochemical analysis in order to monitor the dilution of Physalis Peruviana "in natura" concentrated juice pulp.
MATERIALS AND METHODS

Materials
Physalis peruviana fruits, provided by the Italbraz®, Vacaria-Brazil, were transported and stored at 7.0 ± 0.5°C. Selected fruits had their natural protection capsule removed and were individually weighed before preparing the juice pulp, which was obtained after processing the fruits for 3 min at 25,000 rpm in a food multiprocessor (MR2100 system Polytron, Kinematica, AG Lucerne, Switzerland). The juice pulp was labeled as sample M100, as it contained 100% of Physalis "in natura" juice pulp. The sample M0 contained only water. Each intermediate sample was prepared by adding water to the juice pulp according to percentages shown in Table 1 , leading to a final composition in a mass basis. The sample containing 20% of juice pulp was used for validation purposes only. For sample preparation, an analytical balance (Bio Precisa model: FA 2104N, accuracy: 0.0001) was used. 
Image Analysis
From the 50·10 -3 L quantity of each sample, 4.5·10 -3 L were individually transferred to a different polystyrene cuvette (Kartell SPA, Italy) with 10 -2 m of light path. All the samples were placed in an appropriate chamber in order to reduce any possible environmental interference and provide all the samples with the same illumination intensity. Photographs were taken using an Olympus (Model: D-595) camera, with zoom fixed at 1x and positioned 0.3m away from the cuvette containing the samples, aimed at framing all the cuvettes in the same shot. The images were processed by a multi-task software (Fernandes et al. 2012) , using the RGB color system (Gonzalez and Woods, 2002; Khatchatourian and Padilha, 2008) . From each sample, a set of 16,000 pixels was selected and for each pixel of each set, red (R), green (G) and blue (B) components were determined. This number of pixels was high enough not only to assure a robustness feature to the image analysis procedure considered, but also to lead to a short confidence interval for each color component of each sample.
Physicochemical Analyses
After taking the necessary pictures, other typical physicochemical analyses were performed. Density measurements were carried out using a density meter ANTON -PARR (Model: DMA 5000) with measurement range of 0-3 g/cm 3 and resolution of 10 -6 g/cm 3 . Electrical conductivity was measured with a BUNKER conductivity meter of range 0-1999 µS/cm and resolution of 10 -1 µS/cm. Viscosity measurements were obtained using a Brookfield equipment (Model: RVII+Pro), coupled to the software Rheocalc (Version: V3.1-1), using 10 -3 mPa·s of resolution. Finally, total soluble solids as °Brix (TSS) was evaluated using a refractometer RL3 (Polskie Zaklandy Optyczne S.A.) with measurement range of 0-90 °Brix, with resolution 10 -2 o Brix. All the analyses were carried out in triplicates.
Parameter Estimation
The mass percentage content of Physalis juice pulp was correlated to average values of image analysis component R, component G, component B, density (dens), electrical conductivity (cond), viscosity (visc) and total soluble solids content (brix), in order to develop a calibration curve of the dilution monitoring system. Concerning the parameter estimation, the sum of square of the distances between the model predictions and experimental values was considered as the objective function. The parameter estimation task was an optimization problem, which consisted in calculating the set of parameters that led to the minimum value of the objective function. This problem was numerically solved with the aid of a Levenberg-Marquadt-based method (Levenberg, 1944; Marquadt, 1963 ) using 10 -7 as convergence criteria and 1.5 as initial guess. The statistical validation was performed as previously reported by Isfer et al. (2010) . The sample M20 was not used for parameter estimation; it was only used for validation purposes. Finally, not only parameter variance and covariance, but also image analysis and physicochemical variances were considered for evaluating the model uncertainty of a given prediction, as shown Eq. (01).
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where: NP is the number of variables and parameters;
2 ai s is the variance of parameter or variable a i ; 2 ai aj s − is the covariance of parameters or variables a i and a j . Figure 1 presents the juice samples used in this study. A gradient color was generated according to the dilution level, as the higher the juice pulp amount, the darker the sample was. Table 2 presents the mean and standard error results concerning image analysis components R, G and B. It was observed that the standard error values were low not only due to the large number of pixels selected, but also due to the low variability of the pixel color components within a single sample, indicating a good sample homogeneity and dilution. For modeling purposes, different types of linear models containing three and four parameters were developed, aimed at mass percentage of juice pulp in each sample prediction. The number of parameters was chosen in order to avoid overparameterization and experimental error fitting. Table 4 presents a summary of the best developed models and parameter estimation tasks, containing the values of the objective function, correlation coefficient (r), parameters estimates, parameters standard deviation and covariance estimates. All the models presented "r" values roughly equal to 1 and low values of the objective function indicating that the model predictions were close to the experimental data. It would be important to emphasize that the reported models presented parameters estimates that were higher than their respective standard error, indicating the parameter statistical significance. It also must be stressed that several models were assembled by the combination of the image analysis components R, G, B and the physicochemical analysis, but only the models presented in Table 1 had higher "r" value and parameters with statistical significance. This modeling procedure was also adopted by Ochoa Martínez et al. (2004) to study the mixtures of jalapeño pepper. Figure 2 presents the residual values of selected models from Table 4 . On average, model P4M1 presented the lowest residual values as it contained more parameters and also the lowest value of the objective function. As mentioned earlier, sample M20 was used for validation purposes only. Figure 3 presents the predictions of all the models reported in Table 4 and the respective uncertainty obtained with the aid of Eq. (01). Models P3M1, P3M2 and P3M4 used density coupled to electrical conductivity, viscosity and brix, respectively to obtain the predictions of 19.7±0.3, 19.8±0.3 and 19.7±0.3% of mass content of the juice pulp in the sample. These predictions could be regarded as very good as the experimental mass percentage value of juice pulp was 20% in the sample M20 with lower values of the prediction uncertainty. Models P3M3, P3M5, P3M6 and P4M1 used the image analysis components as independent variables for predicting the percent content of the juice pulp in the sample M20, contrary to the models P3M1, P3M2 and P3M4. The best prediction was obtained by the model P3M6, simultaneously keeping a low uncertainty value. This model indicated that image analysis provided better prediction values if its result was compared to the results of the models P3M1, P3M2 and P3M4 that contained typical physicochemical analysis coupled to density. This conclusion was also achieved by Godinho et al. (2008) when studying soft-drinks classification by the image analysis. The number of parameters plays a key role on the model behavior. Model P4M1 presented the lowest value of the objective function and the best data fitting, due to the higher number of parameters, but it led to the worst prediction. This probably happened because in this study, the use of four parameters was high enough to fit experimental error and not the actual data behavior itself. Consequently, an optimum number of parameters equal to three could be determined for this work.
RESULTS AND DISCUSSION
CONCLUSIONS
In this work, image analysis, using RGB system, was proved to be an alternative tool for dilution monitoring, not only due to accuracy, but also because of short delays and non-invasive features. Developed linear models were able to predict the Physalis "in natura" juice content. A model using density and B component predicted the mass percent of juice pulp of the testing sample M20 of 20% as 19.9±0.3%.
